Abstract: Epithelial ovarian cancer is the fifth commonest cancer among women and the leading cause of gynecological cancer death in the UK. Most women present with advanced disease, mainly because the nonspecific nature of the symptoms lead to diagnostic delays. Recent data have shown a fall in ovarian cancer mortality rates in the UK, but rates are still higher when compared to other European countries or the USA. In addition, surgeons in the UK achieve on average lower optimal surgical cytoreduction rates in patients with advanced ovarian cancer. Despite a wealth of information on epidemiological risk factors, the pathogenesis of epithelial ovarian cancer remains largely unknown. This review presents the most recent data on incidence, mortality, and survival for epithelial ovarian cancer in the UK. Time trends, trends by age, international comparisons, and regional variation in incidence, survival, and mortality are presented within the context of a major reorganization of cancer services that took place in the UK over 10 years ago. Centralization of cancer services has meant that women with ovarian cancer receive treatment in specialist Cancer Centers.
Introduction
Epithelial ovarian cancer (EOC) is the fifth most common cancer among women and the leading cause of death from gynecological cancer in the UK. 1, 2 Each year more than 6,500 women are diagnosed with ovarian cancer in the UK and about 4,400 women die of the disease. 3, 4 Over the past 20 years the incidence of ovarian cancer in England has remained fairly static, but mortality rates have fallen by over 20% since 2000. 5 However, the outlook for women with ovarian cancer remains poor, with an overall 5-year survival rate below 45%.
Most ovarian cancers originate from the surface epithelium of the ovary. The majority of EOCs are sporadic, although a small percentage are familial and have a genetic etiology. The sporadic group of EOC presents a major challenge in defining the etiology of the disease. The role of some factors, such as parity, is well defined, while the role of others, such as the use of ovulation-inducing drugs, remains controversial. 8 The National Health System in the UK is one of the largest health care systems in the world. 9 In a white paper, 10 (Equity and excellence: Liberating the NHS, 2010), the UK government proclaimed a strategy to achieve outcomes in cancer that are among the best in the world.
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Overview of the UK National Health System
The UK National Health Service (NHS) is the world's largest publicly funded health service. 11 The clinical sector is divided into primary, secondary, and tertiary care. Primary care is provided by general practitioners (GPs). Secondary or hospital-based care is accessed through GP referral, and tertiary care includes specialist hospitals.
The 1995 Calman-Hine report prompted a massive reorganization of the UK's cancer services. 12 The report proposed a strategy to improve outcomes and reduce inequalities in NHS cancer care. The 1999 Improving Outcomes Guidance 13 and subsequent NHS Cancer Plan 14 provided further specifications of this new strategy. Cancer Networks were established with an emphasis on multidisciplinary team cancer specialist care. 15 These networks incorporate a number of cancer units responsible for rapid diagnosis which then refer high risk patients to a cancer center for further management by trained gynecological oncologists. A sufficient concentration of work can thus be achieved in cancer centers to maintain expertise. 16 There are currently 41 cancer centers within Cancer Networks in England. Centralization of care for women with ovarian cancer has been the subject of debate, 17, 18 but evidence from a recent meta-analysis 19 indicates that centralization of care for gynecological cancer improves overall survival.
Until March 2013, ten strategic health authorities (SHAs) managed the NHS at the regional level and primary care trusts commissioned primary, community, and secondary health services from providers. New organizations such as clinical commissioning groups are now replacing the old NHS structure.
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Data collection
The United Kingdom has one of the most comprehensive cancer registration systems in the world. 20 Eleven cancer registries covering England, Wales, Scotland, and Northern Ireland collate the data on incidence, mortality, and survival of ovarian cancer. 20, 21 Data are then analyzed and published by the Office of National Statistics (ONS). There is a 2-year lag between event recording and the publication of summary statistics by cancer registries and the ONS.
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Data completeness is high for diagnosis and deaths, but more variable information is recorded on management and treatment. 21 The National Cancer Intelligence Network (NCIN) uses information collected by cancer registries for analysis, publication, and research. The Trent Cancer registry is NCIN's lead registry in England for gynecological cancers.
International comparisons can be made with global and European data from GLOBOCAN and EUROCARE projects and the International Cancer Benchmarking Partnership (ICBP).
Definition
In the latest NCIN report "Ovarian Cancer: Incidence, Mortality and Survival," ovarian cancer is defined according to the second edition of the International Classification of Diseases for Oncology (ICD-0-2). 5 The ICD-0-2 classification includes "borderline tumors" within the category of "malignant ovarian neoplasms."
The ICD-0-2 was introduced in England and Wales in 1995, followed by Northern Ireland in 1996 and Scotland in 1997. The newer third edition of the International Classification of Diseases for Oncology (ICD-0-3) has removed borderline tumors from malignant ovarian neoplasms.
The ICD-0-3 classification has been used in the ICBP and EUROCARE reports. 6, 7 Consequently, the survival estimates in ICBP and EUROCARE appear lower than the survival estimates of the NCIN report.
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Morphology
Fifty to sixty percent of ovarian neoplasms are epithelial in origin and the most common histological subtype in the UK is serous carcinoma. 22 Serous subtype accounted for one-third of all cases in 2009, being commonest in women aged 45 and over. 5 Unclassified EOC was the second commonest type and was commonest in women older than 75. Women with unclassified EOC have the worse mortality.
Over the past 10 years, there has been a 30% decrease in the number of unclassified cases and a 38% increase in the number of serous ovarian cancers. 5 The relative frequency of other subtypes has remained fairly stable. The decrease in the number of unclassified epithelial cases may have resulted Most women in the UK are diagnosed with advanced stage disease. Sixty percent present in stages III and IV and only around 30% are diagnosed in the early stages I and II. Over the past 20 years there has been a clear improvement in 5-year survival for patients with stage I disease, an increase from 80% to 92%. In stage II disease, 5-year survival increased from 30% to 55%, but the confidence intervals are wide, thus making conclusions less certain. 3 A small but consistent increase in 5-year survival has been seen in stage III disease, but the national average figure remains low at 22%. 3 Survival in patients with stage IV disease has remained static and only 5.6% are still alive at 5 years. 3 The International Federation of Gynecology and Obstetrics Committee on Gynecologic Oncology has recently published a revised staging classification for cancer of the ovary, fallopian tube, and peritoneum.
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Etiology
The pathogenesis of ovarian cancer remains controversial even though epidemiological studies have gleaned an enormous amount of information. 8 Most studies have focused on the epidemiology of invasive EOC. 24 The role of some factors, such as parity, is well established whereas the role of others such as infertility and its treatment remains more controversial. The evidence base for these associations has been elegantly discussed in previous reviews. 8 A brief summary of some salient risk factors is presented below.
Age
Data from the US Surveillance, Epidemiology, and End Results database have clearly demonstrated that age bears a strong relation to ovarian cancer risk. 8 The incidence is low in women under the age of 40, but rises steeply after the fifth decade to reach a peak in the 80-to 84-year old age group (incidence of 61.8 per 100,000 women). 8 The median age at diagnosis is currently 63 years. 1, 2, 25, 26 With an aging population in the UK and other Western countries, the total number of ovarian cancer cases can be expected to rise.
Family history
Genetic susceptibility is an important risk factor for ovarian cancer, and approximately 10% of ovarian cancer cases are caused by mutations that cluster in families. 27 Mutations in the BRCA1 and BRCA2 genes are responsible for approximately 90% of inherited predispositions to ovarian cancer. 28, 29 Mutations at the hereditary nonpolyposis colorectal cancer gene and other loci account for the remaining. The lifetime risk of ovarian cancer in BRCA mutation carriers ranges from 15%-60%. 28, 30 Screening for ovarian cancer in women who carry BRCA mutations has been the focus of UK familial ovarian cancer screening study trial. 31 
Reproductive factors Parity and breastfeeding
The effect of increasing parity in reducing the risk is now well established. 8, 32, 33 Studies have shown a reduction in risk reduction even with incomplete pregnancies. 34 Breastfeeding also seems to have a small protective effect. 34 
Menstrual life
Two large studies have failed to show a significant effect of either early menarche or late menopause on ovarian cancer risk. 34, 35 Length of menstrual cycle is therefore unlikely to be a significant factor in the pathogenesis of ovarian cancer.
Infertility and its treatment
The role of infertility and infertility therapy remains less clear. Studies have shown a trend towards an increased risk of ovarian malignancies in infertile women. 8 The risk seems to be highest in a subset of women with unexplained infertility. 8, 36 Currently, there is no proven association between ovarian cancer and infertility treatment. 37, 38 exogenous hormones
The combined contraceptive pill
Oral contraceptive use confers long-term protection against ovarian cancer. 8, 32, [39] [40] [41] [42] The longer the use, the greater the reduction in risk and the longer it persists. 41 The use of oral contraceptives is associated with a reduced risk of ovarian cancer in women carrying a BRCA mutation. 43 
Hormone replacement therapy
Hormone replacement therapy use increases the risk of ovarian cancer, but several small studies and a meta-analysis have shown only a small increase in risk, especially with more than 10 years of use. 44, 45 Short-term use is unlikely to increase the risk of ovarian cancer.
Medical conditions endometriosis
Women with endometriosis have an increased risk of developing ovarian cancer. 46, 47 There is an association especially with endometrioid and clear cell morphology. 48 Unilateral oophorectomy, as well as radical resection of visible endometriosis, reduces the risk of later developing ovarian cancer. 49 
Previous cancer
Studies have shown a twofold increase in the risk of ovarian cancer in women with a history of breast cancer.
50, 51 The risk may increase fourfold if their breast cancer is diagnosed before the age of 40, and manyfold if they also have a family history of breast or ovarian cancer. 50 Radiotherapy treatment for cervical cancer also carries a long-term risk of cancer in the ovaries. 52 
Other factors
The sociodemographic behavior of women has undergone important changes over the past 40 years that may influence the incidence of ovarian cancer. Women's ever increasing participation in the workforce often delays childbearing until later in reproductive life. The mean age of women at childbirth in the UK has continued to rise. It was 29.5 years in 2010 compared with 28.5 years in 1995 and 27.2 years in 1962. 53 Oral contraceptive use has become more widespread and may be expected to also have an influence on the incidence of ovarian cancer. 54 
Epidemiology
Detailed summary statistics on ovarian cancer in England and UK can be found in recent publications by NCIN and the National Institute for Health and Care Excellence (NICE). 5, 21 NCIN's latest report, "Overview of Ovarian Cancer in England: Incidence, Mortality and Survival," was released in 2012, and provides a detailed analysis of ovarian cancer statistics in England up to 2009. 5 NICE released national (UK) epidemiology data in 2011, as part of a Clinical Guideline on the recognition and management of ovarian cancer. 21 Cancer Research UK, have also produced descriptive statistics on ovarian cancer. 
Incidence
Ovarian cancer incidence rates vary considerably worldwide and across Europe. The highest rates have been recorded in Central America and Northern, Central, and Eastern Europe. The UK has ranked sixth among the 27 countries in the European Union. 55 In 2010 7,011 new cases of ovarian cancer were diagnosed in the UK. 3 
variation with age
Ovarian cancer is predominantly a disease of older women and its incidence rises steeply after the usual age of menopause. Over 80% of new diagnoses are in women over the age of 50.
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Incidence reaches a peak in women over the age of 75. This is true for all morphological types of ovarian cancer. In 2009, almost half of new ovarian cancer diagnoses were in women over the age of 60 years (2,817 out of 5,849). 5 Trends in ovarian cancer incidence
The age-standardized incidence rate (ASIR) of ovarian cancer in the UK has increased from 14.7 per 100,000 female population in 1975 to 16.4 per 100,000 in 2007. 21 Incidence rates peaked between 1995 and 1999, which may have been due to the introduction of the ICD-O-2 classification in the UK. 21 The ICD-O-2 was introduced in England and Wales in 1995 and by 1997 it was also in use in Scotland and Northern Ireland.
Ovarian cancer in England has been the focus of NCIN's recently published report. 5 In England, over the past two decades, the incidence of ovarian cancer has remained fairly static. It has shown minor fluctuations, and there has been a clear downward trend over the past few years. From 1989 to 1994, the ASIR of ovarian cancer ranged between 17 and 18 per 100,000. The rate rose to around 19 per 100,000 between 1995 and 2003, only to return to 17 to 18 per 100,000 after 2004, similar to rates in the early 1990s. In 2009, in England there were just fewer than 5,900 new diagnoses.
Over a period from 1989 to 2009, incidence rates in England showed varying trends in different age groups. In women aged 49 or less, incidence rates have remained fairly static at around 9 per 100,000. In women aged 50-69, incidence decreased from 48 to 40 per 100,000. In those over 70, it increased from 57 to 70 per 100,000 between 1989 and 1999, but has decreased after 2000.
The decrease in incidence among women aged 50 and over may reflect the protective effect of the combined contraceptive pill that has been in widespread use since the 1960s. Women who are currently over the age of 70 belong to the first cohort of women that gained access to the oral contraceptive pill, after it became widely available in the 1960s. 
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Clinical epidemiology of epithelial ovarian cancer in the UK
Regional variation in incidence
The incidence of ovarian cancer shows some variation across the constituent countries of the UK. Data from 2008 56 indicate that Wales has the highest incidence rates followed by Scotland, Northern Ireland, and England.
Data from SHAs and Cancer Networks within England also indicate regional variation. 5 There is no evidence to suggest a correlation between deprivation and ovarian cancer incidence among various primary care trusts in England. 5 
Mortality
Ovarian cancer is the leading cause of death in gynecological cancer in both the United Kingdom and worldwide. In 2008, around 4,400 women died from ovarian cancer in the UK. Data from EUROCARE suggest that the UK has higher mortality rates when compared to the other European countries. 1, 6 Fifteen percent of women diagnosed with ovarian cancer in the UK in 2006-2008 died within 2 months, while onethird died within the first year. 5, 21 Death within the first year is a reflection of presentation with advanced disease.
Trends in ovarian cancer mortality over time
The mortality rate for ovarian cancer in the UK has fallen by 20% over the past decade. 5 Age-standardized mortality rates were stable between 1989 and 2002, ranging from 11 to 12 per 100,000, but had fallen to 8.8 per 100,000 by 2010. 5 The reduction in mortality over the past decade coincided with the reconfiguration of cancer services and may reflect enhanced cancer care with better detection and management within the UK specialist gynecological cancer centers.
Mortality has shown varying trends across different age groups. National data from 1971 to 2008 show that in women over 65 years of age there has been a gradual increase in mortality. 21 In women aged 50 to 64 years there has been steady decline and in those under 49 years the mortality rate has been fairly constant.
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Geographical variation
The age-standardized mortality rates are similar across the constituent countries in the UK. There is no evidence that deprivation is related to ovarian cancer mortality.
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Survival
Ovarian cancer survival rates remain the lowest among gynecological cancers, both in the UK and worldwide. 5, 21 Women often present late, with advanced staged disease and this has a major negative impact on survival.
variation with age
Survival is strongly related to age and younger women have a better prognosis.
Data from the UK Cancer Information Service (UKCIS) provide strong evidence of a worse survival from ovarian cancer in older women. In England for example, over a period from 2003 to 2009 women aged 15-39 achieved 1-year survival of 95.6% compared to a mere 24% in women aged over 85. 5 Five-year survival showed a similar dramatic variation with age. In England over the same time period, the 5-year survival in the 15-39 age group was 84.2% compared with 13.7% in those aged over 85. 5 These differences in relative survival partly reflect differences in tumor biology, as well as the higher proportion of borderline tumors in women of younger age. Other factors may, however, also contribute to the gap in survival between older and younger patients. Evidence from the General Practice Research Database suggests that GPs may be less likely to both diagnose and to refer women for gynecological investigation as they get older. 3, 57 There are also often difficulties in treating older women with both surgery and chemotherapy, related to medical comorbidities or a low performance status.
In addition, data from the NCIN show that over the past 20 years, both 1-year and 5-year survival in women over 80 
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Doufekas and Olaitan has failed to improve, despite the notable improvement in all other age groups. 5 
Trends in survival
In the UK, both 1-year and 5-year survival have improved since the mid-1980s, similar to other European countries. 6, 7 In England for example, from 1985 to 2009 1-year survival increased from 57% to 73% and 5-year survival from 33% to 43%.
Since 1987, the greatest improvement in 1-year survival was seen in women aged 55-79, whereas the greatest improvement in 5-year survival was seen in the 40-49 age group. 5 These significant improvements may reflect the effect of the new government strategies in gynecological cancer through the establishment of Cancer Networks, specialist centers, and oncology multidisciplinary teams. Surgery for ovarian cancer is now centralized and provided by subspecialist gynecological oncologists. Chemotherapy regimens have also improved and combined taxane-platinum chemotherapy is now the standard treatment. 5 There is evidence that women who receive treatment for ovarian cancer in specialized centers have longer survival than those managed elsewhere. 19 
Geographical variation
The latest NCIN data for England from 2003-2009 provide evidence of cancer survival inequalities, with marked geographical variation for both 1-year and 5-year survival in ovarian cancer. One-year survival is highest in Southwest London, Pan Birmingham, and Yorkshire Cancer Networks. The Pan Birmingham Cancer Network also shows the highest 5-year survival rate, along with North of England. In contrast, Sussex Cancer Network demonstrates geographical clustering of poor survival, with both 1-year and 5-year rates well below the national average. 5 These regional disparities in ovarian cancer survival may be due to several factors, including differential delays in referral and diagnosis and differences in treatment or comorbidities among patients. Variable quality of data capture across Cancer Networks may also be behind regional inequalities. 58 
International variation
Despite the improvement in survival that has occurred in recent years, data from EUROCARE and the ICBP show that survival rates in the UK are still lower than in other European countries, Australia, and Canada. 1, 6, 7, 59 This is in spite of the UK having a similar health care system and similar percentage of women diagnosed at different stages of the disease to other developed countries. Differences in coding and quality of data collection between countries may account for some of the noted differences.
Survival rates in the UK are highest in Northern Ireland, followed by Wales, Scotland, and England. 7, 59 In Europe, the highest survival rates are found in Scandinavia, Switzerland, and Austria. 59 Delays in accessing treatment through primary care or differences in the quality of care could account for the lower survival rate in the UK. 60 A large percentage of patients diagnosed with ovarian cancer in the UK continue to present as an emergency. In 2007, for example, almost one-third of such patients presented as an emergency. 5 Differences in other factors, including public awareness of cancer, comorbidity, and access to optimal treatment, may also explain the survival deficit in the UK. 
Routes of diagnosis
The NCIN has recently published data on the different pathways patients follow to reach a diagnosis of ovarian cancer. 21 These include routine and urgent GP referrals for symptoms of malignancy, and other elective outpatient, inpatient, and emergency presentations. The data refer to English patients diagnosed with ovarian cancer between 2006 and 2008. They highlight a wide variation in the way patients enter the diagnostic pathway. The majority of ovarian cancer patients (64%) attend electively, but one-third (30%) still presents as an emergency. Urgent GP referrals account for almost one-quarter of all presentations. As emergency presentation is associated with increased mortality, 61 it remains a major challenge in the UK to reduce the proportion of patients who present via the emergency route.
Treatment
Ovarian cancer treatment usually consists of surgery and/or combination chemotherapy, depending on stage at presentation.
Staging for ovarian cancer is surgico-pathological. In women with suspected early (stage I) ovarian cancer, complete surgical staging includes total abdominal hysterectomy, bilateral salpingo-oophorectomy, omentectomy, random peritoneal biopsies, and block dissection of the ipsilateral pelvic and paraaortic nodes. The NICE guidelines do not advocate systematic lymphadenectomy as part of standard surgical treatment, 21 and this may lead to routine under-staging. 62, 63 This guidance is not accepted by the British Gynaecological Cancer Society. 
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Clinical epidemiology of epithelial ovarian cancer in the UK Research Council CHORUS trial have assessed the impact of the timing of surgery and chemotherapy. 65, 66 They both indicate that delayed primary surgery does not have a negative impact on survival and may reduce perioperative morbidity. 65, 66 There is lack of national comparative data on treatment modalities in the UK. Cancer centers have been slow to develop comprehensive databases and publish their outcome data. 67 Data on surgical treatments in ovarian cancer have been published for Wales by the Welsh Cancer Intelligence and Surveillance Unit. 21 The most frequent procedure undertaken in the three Welsh Cancer Networks is total abdominal hysterectomy, bilateral salpingo-oophorectomy, and omentectomy as part of a staging laparotomy. Data from England are yet to be published.
When compared to the USA and Europe, the UK achieves on average low optimal surgical cytoreduction rates in advanced ovarian cancer. 65, 66 Possible reasons for this discrepancy have been explored previously and may include operating time constraints within NHS hospitals. 67 , 68 The Medical Research Council CHORUS trial reported zero residual disease in 15% of primary and 35% of interval debulking surgery, with an average duration of surgery of 2 hours. 66 In the North London Cancer Network, University College London Hospital currently achieves (based on internal audit results) optimal cytoreduction rates of around 70% for upfront surgery in advanced ovarian cancer. This is comparable to data reported by other major centers, such as the Mayo clinic. 69 Data on chemotherapy use from two Cancer Networks have revealed a marked variation between hospitals in the percentage of patients receiving chemotherapy. Up to 40% of older patients were managed with chemotherapy alone.
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There is however, evidence that more ovarian cancer patients receive specialist treatment in England, as per the Improving Outcomes Guidance. From 2000 to 2007 the percentage of women with ovarian cancer operated on by specialists increased from 17% to 48% and the percentage treated in specialist centers increased from 40% to 71%. 70 Currently, ovarian cancer patients in the UK receive intraperitoneal chemotherapy only as part of the PETROC/ OV21 trial.
Conclusion
Ovarian cancer incidence in the UK has remained fairly stable over at least two decades, although in recent years there have been slight decreases in incidence. Mortality rates have fallen by 20% since 2002. 5 One-year and 5-year survival following a diagnosis of ovarian cancer have both improved significantly over the past two decades, although there has been little or no improvement in survival rates of the oldest women. Despite this, ovarian cancer remains the leading cause of gynecological cancer death.
These trends have coincided with the centralization of UK cancer services, which followed the Improved Outcomes Guidance by the Department of Health over a decade ago. Women with ovarian cancer in the UK receive treatment by specialist gynecologic oncologists in tertiary referral centers.
However, regional variations in ovarian cancer mortality and survival in the UK still exist, and it remains a challenge to synchronize underperforming Cancer Networks with national average scores.
In addition, survival remains lowest in all three UK nations when compared to many other European countries. 6 The wide differences in survival may be explained by diagnostic delays and variation in accessing optimal treatment in the UK. 7 Correcting the UK survival deficit should be a focus for policy makers in the UK and will remain a key indicator of progress.
Surgical centers in the UK need to develop and maintain comprehensive databases which could yield a wealth of data on outcomes such as morbidity, mortality, and survival. It also remains a challenge to increase optimal cytoreduction rates nationally and to avoid diagnostic delays within primary care, as both of these factors can have a negative impact on survival.
Although epidemiological studies have provided a wealth of information on the role of various risk factors, there is still little consensus regarding the origins and pathogenesis of EOC.
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